The international agricultural research centres of the CGIAR have established a repository for agricultural learning resources in collaboration with the ARIADNE Foundation. To make it easier to find these resources, an application profile, CG LOM Core, was developed on the basis of the IEEE Learning Object Metadata (LOM) standard. It defines the collection of metadata elements and value spaces drawn from other namespaces, adapted to the requirements of the CGIAR in describing and sharing their learning resources with an international audience. It maintains increased semantic interoperability within the CGIAR community and preserves compatibility with other repositories outside of the CGIAR.
Introduction
With the rapid development of the internet, user services for resource discovery and retrieval have been greatly enhanced also in the area of education. One of the key activities in education is to author and share resources for teaching and learning. Today, the education community is making available learning content over the internet in digital format at an unprecedented rate (Miller, 2001) . But, the establishment of information systems for education, which are capable of storing large amounts of data and making them available to vast user populations in remote locations, raises problems in the ease of searching and retrieving this information. As more and more learning resources become available, it becomes increasingly difficult to search, discover and retrieve the ones that are most useful and relevant for a specific educational purpose (Miller, 2001) . The use of education metadata could greatly improve this situation by enhancing the reuse and repurposing of learning materials from one system to another while maintaining interoperability with the user environment (Robson, 2001) . Educational tools with appropriate metadata could even "provide individualised, adaptive tours, where each learner is automatically guided on a tour based upon their particular preferences, traits, and performance." (Wantz and Miller, 1998, p.702) Today, digital educational content is offered by a multitude of portals and other mechanisms using a wide range of standards and specifications (Miller, 2001) . With the release of the Dublin Core Metadata Element Set (ANSI/ NISO, 2001; ISO, 2003) and the proposed education extension (Sutton and Mason, 2001) or the publication of the IEEE 1484.12.1-2002 standard for Learning Object Metadata (LOM) (IEEE, 2002) , international standards have been established for the description of digital learning resources. However, these specifications tend to be refined and extended to address special local requirements. In fact, implementers often need to incorporate different sets of metadata to match the specific needs of their organisation. In this case, a single set of metadata such as the IEEE LOM may not serve the specific needs of an organisation.
For this reason, application profiles have been developed to provide a mechanism of combining data elements from different namespaces (Heery and Patel, 2000) .
This problem applies also to the learning resources for agricultural education and training developed and disseminated by the Consultative Group on International Agricultural Research (CGIAR).
1 The CGIAR, established in 1971, is a strategic partnership of over 60 members, which support 15 international agricultural research centres located in Africa, Asia, Latin America, the USA and Europe. The knowledge generated by the research of the CGIAR Centers as well as the resulting learning resources for capacity building are made widely available to individuals and organisations working for sustainable agricultural development throughout the world (CGIAR Science Council, 2005) . This paper describes the efforts to standardise the metadata descriptions of these agricultural learning resources through the development of an application profile, called CG LOM Core, based on IEEE LOM and their dissemination in a repository 2 in collaboration with the ARIADNE (Alliance of Remote Instructional Authoring and Distribution Networks for Europe) Foundation.
3 The paper is seen as a contribution to one of the research issues of the LOM research agenda proposed by Duval and Hodgins (2003) , that is, application profiles, in particular the adaptation of educational metadata to local specifications, while respecting broader interoperability requirements (Friesen et al., 2002) .
Background
The overall goal of the agricultural research conducted by the CGIAR is to improve the livelihood of low-income people in developing countries through reduced poverty, food insecurity, malnutrition, gender inequality, and child mortality, to help cope with HIV/AIDS, and to foster better institutions, policies and sustainable management of natural resources of particular importance to agriculture and poor people. The CGIAR is a provider of international public goods through agricultural research aimed at alleviating poverty. Capacity building is a key activity to meet the overall goals of the CGIAR. It provides opportunities for capacity strengthening to enhance innovation and learning of knowledge-intensive organisations in developing countries, for instance, through the development of tools and methods for knowledge management and structured approaches to needs-based training (CGIAR Science Council, 2005) .
Already in the mid-1990s, the CGIAR has recognised the important role of knowledge management and knowledge sharing at a strategic level to strengthen the effective acquisition and exchange of information and knowledge in the CGIAR (CGIAR Center Directors' Committee on Information, Documentation and Training, 1994) . Since then, the CGIAR has improved the access to its global public information goods with a strong focus on content and knowledge sharing . In the early 2000s, the CGIAR has established the Information and Communications Technology-Knowledge Management (ICT-KM) Program 4 with the goal to provide its information users worldwide with simple but enhanced access to the vast array of scientific data, information and knowledge (CGIAR System Office, s.t. [2006] ). The ICT-Program supports various projects in the use of ICTs in research, but also in human capacity building activities. One of the activities funded by this program is the Online Learning Resources (OLR) project that was started in 2003 and involved most of the training officers of the 15 CGIAR Centers (Zschocke and Beniest, 2007; Paisley, 2006) . The goal of this project was to make CGIAR learning resources -being global public goods -more easily accessible to all intended users following internationally recognised standards and procedures. This project also aimed at creating a CGIAR training community of practice that works closely together for the benefit of an international learning community interested in agriculture and natural resources management.
To better describe the agricultural learning resources of the CGIAR, the project developed an application profile based on IEEE LOM (Beniest et al., 2005) . Just recently, the OLR project concluded another phase during which it established a quality assurance system based on the ISO 19796-1 standard with protocols for quality management of learning, education and training (ISO, 2005) . These activities complement the recommendations made in a recent evaluation study about the training activities of the CGIAR Science Council (2006) . The authors of the study report recommended exploiting more strategically the advantages of Information and Communications Technologies (ICTs) to improve its efficiency by complementing the practical learning components of human capacity building with e-learning tools and methods.
At the time of start of the OLR project, each centre developed and disseminated its own learning resources on the Web. The CGIAR did not have a mechanism to make these resources accessible from a single location. The individual centres structured and made accessible their training resources in different ways. Some of them set-up a separate system for these resources in addition to its general library catalogue, e.g., the joint Cereal Knowledge Bank 5 of the International Rice Research Institute (IRRI) and the International Maize and Wheat Improvement Center (CIMMYT). The community of CGIAR training officers realised that it would be more effective and efficient if their resources could be retrieved using a standardised description to overcome the fragmentation in providing agricultural learning resources by the different centres. The goal was to find a mechanism to catalogue existing learning resources, review and add new resources, and archive and preserve the CGIAR resources for agricultural education and training for the general public.
To improve access to the shared set of core metadata used for improved discovery and retrieval of CGIAR learning resources, the OLR project decided to adapt the IEEE LOM standard. The goal of applying a shared set of core metadata elements was to allow the federated search of training related documents across all CGIAR Centers as well as its interoperability across the centres and with external entities.
The OLR project explored various existing repositories and their metadata descriptions to identify an approach that would best fit the needs of the CGIAR. The OLR project consulted the Agricultural Metadata Element Set (AgMES) 6 of the Food and Agricultural Organization (FAO) of the United Nations, with whom the CGIAR collaborates very closely. AgMES is a metadata standard for the description and discovery of agricultural resources. AgMES defines the elements and refinements that are extensions of the Dublin Core Metadata Initiative (DCMI) and the Australian Government Locator Service (AGLS). Because of the educational nature of its materials, the OLR project decided to explore different application profiles that used IEEE LOM or Dublin Core, among others: The goal of reviewing different LOM application profiles was to identify mandatory elements used in the implementation of other organisations. This helped to understand better which subset of elements were typically used to describe the basic characteristics of learning resources and how that could guide the development of the CGIAR application profile for its learning materials. Owing to the distributed nature of the CGIAR Centers and the international context of its work, support for multiple languages was considered essential as well.
During this process, the OLR project approached ARIADNE to get support in developing the application profile. ARIADNE had already developed its own application profile for learning objects (Duval et al., 2000 Najjar et al., 2003) . The ARIADNE educational metadata specification is a profile of IEEE LOM and is fully compatible with it. The educational metadata was one of the most innovative original outputs of ARIADNE, which later became one of the foundations of the IEEE LOM. The educational metadata descriptions are stored along with the actual learning resources in ARIADNE's Knowledge Pool System (KPS). This system was developed to create curricula from a generic model by retrieving content materials from the indexed KPS and to reuse existing educational documents for creating new courses and related materials Forte et al., 1997a Forte et al., , 1997b .
The OLR project used the core tool of ARIADNE's infrastructure for its repository for the discovery of CGIAR learning resources. Digital repositories contain content that has been deposited by the content creator, owner or a third party on their behalf. A repository is a shared database of information about engineered artefacts, such as software documents, maps, etc., managing both content and its metadata (Bernstein, 1998) . In general, a repository offers a minimum set of basic services; it must be sustainable and trusted, well-supported and well-managed (Heery and Anderson, 2005) .
As a result of the collaboration with ARIADNE, the OLR project could build upon its experience to develop an application profile based on IEEE LOM for CGIAR learning materials and store these resources in the repository using the KPS technology. The mandatory and optional elements of the CG LOM Core are shown in Table 1 . 
Conceptual framework
The use of metadata has grown tremendously in the past four decades. Today, metadata and their management have become critical to bind many different resources of an organisation by holding the metadata along with the actual content data. The use of metadata management tools -also known as (asset) repositories -now becomes crucial (Sen, 2004) . Metadata and corresponding repositories have now also expanded in the educational sector. Educational metadata can significantly enhance the effective description, search and retrieval of learning objects resulting in efficient organisation of educational resources for technology-enhanced learning (Giordano, 2000; Graves, 2000) . Over the years, different specifications have been developed, which limit the interoperability of systems in their use of different specifications that define the structure of the learning resources. In fact, repositories of LOM should also be able to interoperate not only with one another, but also with other digital repositories developed for purposes other than education (Godby, 2004) . IEEE LOM is an international standard, which provides some consolidation to the field of educational metadata while maintaining flexibility (Duval and Hodgins, 2006; Duval and Robson, 2001 ). The IEEE LOM has its origins in the metadata specification efforts of both the original ARIADNE and Instructional Management Systems (IMS) Projects, and builds on the metadata work done by the DCMI. On the one hand, each LOM data element is optional. On the other hand, IEEE LOM standardises how to structure metadata about learning objects, while not prescribing which data elements would have to be included.
In the context of the IEEE LOM standard, a learning object is defined as any entity -digital or non-digital -that may be used for learning, education, or training. To share and reuse content components, learning objects are critical, while at the same time systems for the adequate search and retrieval of these objects are needed (Neven and Duval, 2002) . In the case of the IEEE LOM base schema, a metadata instance for a learning object describes relevant characteristics of the learning object to which it applies. These characteristics may be grouped according to the nine categories of IEEE LOM, that is, general (to describe the resources as a whole); life cycle (to describe features related to the history and the current state of the resource); meta-metadata (to present information about the metadata record); technical (for technical requirements and characteristics); educational (to describe the instructional and pedagogic characteristics); rights (for the intellectual property rights and conditions of use); relation (to describe the relationship between the resource and other resources); annotation (to include comments about the resource); classification (categories to describe the classification system to which the resource belongs).
Metadata includes both subjective and objective data . While some of the metadata is clearly objective, such as authorship, date of creation, or version, which could be generated automatically, other metadata is subjective as it requires some judgement as to what values need to be entered (e.g., taxonomy, keywords, summary of content, etc.).
Because of the proliferation of different interpretations of a standard, the potential for interoperability in the future may be limited. Developing and using international learning technology standards such as IEEE LOM helps to maintain a certain level of interoperability (Duval, 2001 (Duval, , 2004 . Using application profiles from a base standard provides another option to address the interoperability of different implementations of a single standard adapted to the needs of different organisations Najjar et al., 2003) . Application profiles have been implemented that permit implementers to combine different metadata schemas to match the needs of an organisation (Sampson, 2004 ). An application profile specifies the metadata elements and value sets, combining metadata elements as well as their related value sets from one or more metadata standards. The purpose of an application profile is to adapt or combine existing schemas into a package that is tailored to the functional requirements of a particular application, while retaining interoperability with the original base schemas Heery and Patel, 2000) .
There are certain principles that guide this process Sutton and Mason, 2001) . Metadata are modular structures in that they permit to include data elements from different schemas. Metadata systems can be extended to include additional elements that are not part of the base schema. Metadata elements can be refined through qualifiers to redefine the meaning of an element and the definition of the range of values for a given element so that the needs of a specific context can be better addressed. Metadata architectures need to support language and culture differences through the processes of internationalisation and localisation.
In recent years, possibly due to the growing interest in educational metadata the number of implementations requiring either IEEE LOM or Dublin Core has expanded and there has been increased activity in the standards and application profiling arena, leading to new initiatives (Currier, 2008) . Both IEEE LOM and Dublin Core have shown a growth in practical implementations. Various communities of interest and organisations have tried to achieve some measure of interoperability through the development of a number of application profiles based on IEEE LOM, e.g., CanCore and the UK LOM Core. IEEE LOM is being reaffirmed by IEEE as a standard. In addition, two additional parts are under development,
• to express IEEE LOM instance using the Dublin Core abstract model
• to develop a Resource Description Framework (RDF) for IEEE LOM data elements.
Similarly, within Dublin Core, the preparation of the DC application profile for education is still in progress. For instance, the FAO is currently working on adapting educational metadata based on the Dublin Core to its learning resources (Stuempel et al., 2007) . The reason for the FAO to use Dublin Core instead of IEEE LOM was that a large amount of FAO's learning resources already have a metadata record in one of FAO's repositories described using the AGRIS application profile, which is based on the Dublin Core and the AgMES. There is a greater need for some kind of harmonisation between the Dublin Core and IEEE LOM models. Although with the development of IEEE LOM progress has been made in harmonising LOM, the proliferation of different metadata specifications still causes issues with respect to metadata interoperability and harmonisation, especially between IEEE LOM and Dublin Core, in particular in the areas of identification/conventions, abstract models, vocabularies, application profiles and syntaxes. As the authors of a study of the European Commission's ProLEARN Harmonisation of Metadata project (Nilsson, 2008) point out, implementers of educational metadata often need to work with more than one specification, which leads to increased complexity of their implementation.
Finally, the ISO is in the process of preparing a new multipart standard for educational metadata, called ISO/IEC 19788 Metadata for Learning Resources (MLR). The goal is to achieve compatibility with both IEEE LOM and Dublin Core ISO 15836 so that users of these standards can migrate to this multipart standard in an efficient and cost-effective manner.
The CG LOM application context
The OLR project developed its application profile for learning resources, the CG LOM Core, to facilitate the sharing and reuse of its learning resources with its partners (Beniest et al., 2005) . The decision to use the IEEE LOM was made because the CGIAR did not have a standard way of describing its resources, including those labelled as learning resources. Each CGIAR Center maintains its own catalogue and system to manage the metadata. By using the IEEE LOM the OLR intended to establish an international standard that could be used across the CGIAR system as a whole, to work towards interoperability within the CGIAR but also to maintain interoperability with external learning object repositories. The development of the CG LOM Core followed the recommendations in available guidelines and their application using the following steps (CEN, 2006; Knapp et al., 2004 ):
• It is important to have an explicit understanding of the requirements of a particular context that need to be supported. An organisation needs to define the scope and purpose, stating what the metadata are going to be used for.
In the case of the OLR project, the application profile was developed to facilitate the sharing and reuse of its learning resources for agricultural education and training of the CGIAR Centers with its partners. By implementing the LOM into the ARIADNE KPS the OLR project was able to facilitate the search and retrieval of its materials. In addition, it permitted federated searches by its inclusion in the Global Learning Objects Brokered Exchange (GLOBE), 16 thus reaching a much wider audience than initially planned.
• Once the implementer has specified the requirements, then the data elements need to be selected from a schema that has a scope and purpose similar to that of the application profile. In the context of education, the IEEE LOM provides the basic data elements to begin with. Because of the educational nature of the CGIAR materials, the OLR project decided to use the metadata elements of the IEEE LOM.
• Once the data elements have been selected, the implementers can reduce the size of a data element, or maintain it equal to the value of the base standard. The IEEE LOM defines smallest permitted maximum, that is, the smallest number of occurrences of a field that an application profile should support. The CG LOM core has maintained the number and size of the data elements equal to the values in the base standard.
• In principle, an implementer can choose more than one base metadata schema for the proposed application profile. In the case of the CG LOM Core, the implementers just use the IEEE LOM as the base metadata schema.
• In addition to the ability of combining data elements from different sources, an implementer can also include local data elements provided by the base standard. The CG LOM Core has not added local data elements to the base standard, though it notes that this option could be used in the future, especially if an individual centre would have to adapt the profile to address more specific local requirements in a cascading fashion.
• Once the full set of metadata elements has been selected for the proposed application profile, the implementer can now decide about the status of the individual elements. The options that are available usually include mandatory, conditional, recommended, and optional. The implementer has the liberty to impose more stringent obligations on the selected data elements than prescribed by the base standard, but s/he cannot relax the prescriptions of the base standard. The implementers of the CG LOM Core decided to make the following elements mandatory according to the prescription in the base standard (see Figure 1) : general, life cycle, meta-metadata, educational, rights, and classification.
• Each data element has a defined value space, that is, the set of values that a data element may contain. Again, the implementer can be flexible in applying greater restrictions than the base standard, but s/he cannot be less restrictive. In addition to the value spaces recommended in the base standard, the CG LOM Core has made suggestions to change the original, which were appropriate, e.g., for the elements 5.2:Learning ResourceType and 5.5:IntendedEndUserRole, to better reflect the specific requirements of the CGIAR. For instance, the learning resource type has been revised to include additional elements such as expository texts, procedural texts, advance organiser, etc. In the case of the intended end-user role, the CG LOM Core includes additional element such as trainers, adult educators, adult students, university students, etc. In addition, the CG LOM Core has included for element 9.2:TaxonPath the AGRIS subject categories and the controlled vocabulary of the AGROVOC of the FAO as a Web service for classifying the content with the controlled vocabulary used in the agricultural domain.
• The implementer can also define the relationships and dependencies between data elements in an application profile. The CG LOM Core has maintained the inter-relationships provided by the base standard, e.g., element 5.2:EducationalLearningResourceType depends on the value of element 5.1:Educational InteractivityType.
• The application profile defines the data type of an element, for instance, LangString, DateTime, Duration, Vocabulary, etc., as well as the rules on how to apply these data types. The CG LOM Core uses the rules for data types as prescribed by the base standard.
• Finally, the implementer needs to ensure that any instance that conforms to the relevant binding of the base standard also conforms to the binding of the application profile. To ensure the interoperability between different application profiles based on IEEE LOM, the data element names of the CG LOM Core conform to the corresponding names in the base standard. The OLR repository has also been integrated with an open source Learning Management System (LMS), Moodle. Course developers are able to retrieve learning objects from the repository into the LMS through a specialised search function. ARIADNE has developed a service-oriented architecture consisting of three independent subsystems that permit the communication between a LMS and a repository (Broisin et al., 2005) . The central component is a bridge that binds the LMS and the repository. It is designed in such a way that it can be accommodated to any PHP-based LMS. This architecture permits a course developer to query the repository from inside the LMS and to retrieve the metadata of the required learning resources. The learning resource can be downloaded to the local host and transferred from the repository into the LMS. The OLR project has made available the repository alongside with the LMS. Courses have been developed that utilise this feature, thus encouraging the sharing and reuse of learning resources further.
Application profile implementation issues
Although the OLR project succeeded in establishing an application profile to describe its learning resources, it has not achieved a critical mass, yet. Also, many learning resources in the repository only have a limited set of metadata associated with them where they were not mandatory. The creation of the metadata was limited by the issue of the manual entry of the data. Although some of the metadata is mandatory, most of them do not have to be provided by the end-user and are entered automatically. Research on automatic metadata generation indicates that metadata can be retrieved from four main sources, that is, document content, document context, document usage, and document structure (Cardinaels et al., 2005) . Because end-users generally do not take the time to generate metadata, using automatically generated metadata will help to maintain consistency and reliability. The process of automatically generating metadata can be extended with the notion of an ecological approach to the continuous collection of metadata based on end-user experiences with learning objects in an adaptable environment (Brooks and McCalla, 2006) . According to this approach, metadata inform a reasoning process over a learning object to determine automatically its suitability for a given purpose and learner.
Within the context of the OLR project many objective (or technical) metadata of the learning resources have been generated automatically. With the creation of user profiles for metadata implementers much of the meta-metadata information has been generated automatically without the notice of the individual. But the management of subjective metadata, especially on the educational context, has not been fully utilised.
With regards to the learning objects stored in the repository, more work is still needed to arrive at an appropriate document granularity. Learning resources should be designed for reuse. Once they are developed as self-contained documents they can be integrated in new learning contexts. For instance, the integration of the OLR repository with a LMS demonstrates how the resources can be reused in the context of a course. Smaller documents are more reusable because they contain less educational context information. However, while the reuse of these resources may increase, they have less value to the end-user because they lack the additional descriptive information.
At the moment, the OLR repository includes a great variety of learning resources, which may not necessarily correspond with the general notion of a learning object. To achieve more consistency and reliability in the generation and use of learning objects, the OLR intends to implement other standards in the development of learning resources. For instance, using Sharable Content Object Reference Model (SCORM) compliant content based on the IMS content packaging specification would permit to incorporate the learning resources more easily into both the repository and the LMS. As research of ARIADNE (Broisin et al., 2005) has shown, metadata can be automatically extracted from a SCORM manifest file and mapped to the CG LOM Core and automatically inserted into the repository. This would greatly enhance the reusability of the learning resources not only within the CGIAR, but also by partners who are using systems that support the standards.
To make the CG LOM Core more accessible to others, the OLR project intends to encode and publish the application profile both as an XML Document Type Definition (DTD) as well as an RDF schema. The existing guidelines for developing application profiles (CEN, 2006; need to be adapted to the CG LOM Core and properly documented to assist implementers and other users. At the same time it seems beneficial to register the CG LOM Core with some kind of an authoritative registry to better monitor its maintenance and to further its use (Baker et al., 2001; Onyancha et al., 2001) , which would also help to enhance the automatic generation of metadata (Hillmann and Phipps, 2007) .
Further research would be needed to monitor the impact of the CG LOM Core for agricultural learning resources. This would help to make refinements of the application profile and to further promote the use of educational metadata by the CGIAR and its partners, for instance, in a cascading fashion . The latter would also help to adapt the application profile to the needs of specific educational settings, e.g., higher agricultural education as opposed to non-formal education or technical vocational education.
Finally, the workflow for developing quality digital learning objects needs to be further elaborated. Because of the wide range of objects uploaded to the OLR repository and the need to have more consistently structured documents to enhance the retrieval of metadata, the OLR project intends to further implement the quality assurance protocols based on ISO 19796. In general, the importance of quality assurance system for learning objects and corresponding metadata is recognised (Barton et al., 2003; Hillmann and Phipps, 2007) . To measure the quality of metadata, categories such as completeness, accuracy, provenance, conformance to expectations, logical consistency and coherence, timeliness, and accessibility can be used. However, the technical infrastructure needed to establish a quality assurance system is still a major issue for the OLR project.
Conclusion
Noticing that CGIAR Centers also make available learning resources in their own customised portal sites, such as the Cereal Knowledge Bank of IRRI and CIMMYT, 17 it is crucial to provide a mechanism that would provide additional access to these resources from a central location such as the OLR repository without duplicating the effort of uploading the materials. The OLR project is now investigating to implement a mechanism to collect the metadata from these additional repositories of the CGIAR using a protocol for metadata harvesting such as the one of the Open Archives Initiative.
18 Thus, the OLR portal would not only serve as a repository of learning resources that have been stored on the site, but also as a referatory by managing the metadata that refer to digital learning resources stored on other sites of the CGIAR.
Making resources available and accessible for agricultural research and education is a major contribution to strengthening the capacities in developing countries. Web-based metadata and data repositories help to enhance the provision of critical knowledge and information, ranging from open agricultural research systems (Schweik et al., 2005) to large document repositories such as AGRIS of the FAO (Onyancha et al., 2001; Rudgard et al., 2007) using an agricultural metadata framework and corresponding application profile for resource discovery. The CG LOM Core is a contribution to these developments. The integration of a learning object repository with an open source LMS allows the CGIAR training community as well as its partners to utilise the CGIAR learning resources. The option of federated searches through GLOBE has permitted the CGIAR to make its learning resources available to an even wider audience. But with the pending technical issues and the need for further research on using learning technology to strengthen human capacities in the agricultural sector in developing countries, it is vital for the CGIAR to stay engaged in international research networks that study these issues, such as the Agricultural Learning Repositories Task Force, 19 and to continue the collaboration with strategic partners such as ARIADNE.
